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NICEATM 

NTP Interagency Center for the Evaluation of Alternative 
Toxicological Methods (NICEATM), organized as an office 
under the NTP Division, part of NIEHS 
                                                 - Focus is on”3R” methods                     
impacting  
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“Toxicology testing is shifting from a primary focus 
on adverse phenotypic observations in animals to 
mechanism-based biological outcomes in vitro, 
and the NIEHS is embracing this paradigm shift 
through its participation in the multiagency Tox21 
consortium (Collins et al. 2008). NICEATM will 
expand its scope and concentrate its resources on 
providing bioinformatic and computational 
toxicology support to NIEHS Tox21 projects.” 



Exploring New Paradigms 

• Federal agencies have recognized the need for an 
evolving concept of validation that is responsive to new 
technologies and on-going paradigm shifts in toxicity 
testing 

• Evaluate predictive, integrated test strategies that 
combine in silico approaches, multiple in vitro assays, 
and use of other alternative systems  

 



Adverse Outcome Pathways (AOPs) 

 



Adverse Outcome Pathway (AOP) 

• “An analytical construct that describes a sequential 
chain of causally linked events at different levels of 
biological organisation that lead to an adverse health 
or ecotoxicological effect.”* 

• AOPs are the central element of a toxicological 
knowledge framework being built to support chemical 
risk assessment based on mechanistic reasoning. 
 
 
 
 

*OECD GD138 Developing and 
Assessing Adverse Outcome Pathways 
(April 2013) 
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“Too simplistic” 
 
“Nothing new” 



Estrogen-responsive protein Efp controls cell 
cycle     
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Formalizing the AOP Framework 
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Example AOPs in the OECD Wiki 
• Dermal Sensitisation Induced by Covalent Binding to Proteins 

• Heritable Germ Cell-Derived Disease 

• Neurotoxicity induced by GABAA receptor inhibition  

• Bile salt export pump inhibition to cholestatic liver injury 

• Respiratory Sensitisation Induced by Covalent Binding to 
Proteins 

• Embryonic Vascular Disruption and Developmental Defects  

• Aryl Hydrocarbon Receptor (AHR) Adverse Outcome Pathway for 
a Range of Species-Specific Effects 

• Mutagenic mode of action for chemical carcinogens  

• Hepatotoxicity due to 2,4,6-trinitrotoluene AOP on Energy 
Metabolism affected by 2,6-Dinitroluene  



AOP Utilization 

• Inform data gaps for development of in vitro, in silico, 
in vitro assays 
 

• Assist in the development of Hazard Identification and 
Risk Assessment : 
– Tiered testing approaches (screening) 

– Integrated  Testing and Decision Strategies (ITDS) 
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Skin Sensitization Testing  

• Public Health 
 
 
 
• Animal Welfare 
 
 
 
• Scientific Perspective 
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*Illustration by D. Sailstad 

Skin Sensitization Pathway 
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Skin Sensitization AOP 

• Number of in vitro methods currently undergoing 
validation 

 
• All for use as part of an integrated testing strategy 
 



Bayesian Networks 

Rev. Thomas Bayes 
1701-1761 

A way at arriving at statistical likelihood 
based on partial information.  
 
Bayesian networks provide a coherent 
probabilistic framework for reasoning 
and guiding decisions on the 
classification of a substance or the 
need for additional testing. 
 



Bayesian Networks 

“The most remarkable feature of Bayes’s 
theorem is that it had no practical applications 
in his lifetime without computers to do the 
necessary calculations”. 
   - Bill Bryson 

A way at arriving at statistical likelihood 
based on partial information.  
 
Bayesian networks provide a coherent 
probabilistic framework for reasoning 
and guiding decisions on the 
classification of a substance or the 
need for additional testing. 
 

Rev. Thomas Bayes 
1701-1761 
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Jaworska et al. 2013  
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External validation:  86% correct for potency, 95% for hazard  



Output is a probability distribution 

External validation:  86% correct for potency, 95% for hazard  
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Open Source software 

http://ntp.niehs.nih.gov/go/its 
 

http://ntp.niehs.nih.gov/go/its


• Pilot Project: Validate IDTS for use by regulatory 
agencies using a variety of computational approaches to 
determine the sensitizing potential of chemicals. 

 

Regulatory Applicability of AOPs 



Skin Sensitization Tests 

• Buehler Test and Guinea Pig Maximization Test 
• Local Lymph Node Assay (LLNA), Mouse 
• Human skin patch tests 

 
 
 
 
 
 



Skin Sensitization Tests 

• Buehler Test and Guinea Pig Maximization Test 
• Local Lymph Node Assay (LLNA), Mouse 
• Human skin patch tests 

 
 
 
 
 
 

• Yes / No or Potency (and Incidence?) 



• Pilot Project: Validate IDTS using a variety of 
computational approaches to classify chemicals as 
sensitizers / non sensitizers, using LLNA as the reference 
(current EPA OPP Requirements) 
 

 

Regulatory Applicability of AOPs 
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QSAR Model of skin 
permeability and 

penetration 
(Tropsha, et al.) 

Novascreen enzyme 
activity biochemical 

cell-free assays 
(HDACs, EGFR, etc.)  

BSK_hDF3CGF 
Primary human 

dermal fibroblasts 

BSK_KF3CT 
Primary human 

keratinocytes and 
fibroblasts 

Attagene reporter 
gene assays HepG2 

(Nrf2, LXR, RXR etc.)  

Tox21 assay  
HepG2 bla 
(Nrf2/ARE) 

Apredica oxidative 
stress in HepG2 

(H2AFX, MitoMem)  

Odyssey Thera  
oxid. stress in U2OS 

(H2AFX)  

BSK_SAg, 3C, 4H 
and BSK_LPS 
Primary human 
monocytes and 
endothelial cells 

QSAR Model built 
off NICEATM LLNA 

database  
(Tropsha, et al.) 

ToxCast/Tox21 Methods 





Workshop 
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